Human sperm capacitation and the acrosome reaction.
A model is presented that describes the mechanism of human sperm capacitation and the acrosome reaction. The processes of capacitation and the acrosome reaction are proposed to function in control of the activation/release of acrosomal enzyme(s) involved in sperm penetration through the zona pellucida. During capacitation, the sperm head membranes are biochemically modified, allowing the acrosome reaction to take place when the spermatozoon approaches or reaches the zona pellucida, resulting in the localized activation and release of the appropriate enzyme(s). Further, capacitation is presented as a continuing process that occurs during sperm transport through the female genital tract and is physiologically not completed until the spermatozoon reaches the oocyte (unless the spermatozoa are kept at a particular genital tract site for prolonged periods). The biochemical alterations that occur during capacitation are discussed. It is suggested that extensive modifications in the lipid bilayer structure, e.g. in the cholesterol or phospholipid content, are not part of capacitation because such changes would prematurely destabilize the membranes. Rather, such changes occur during the acrosome reaction. It is also proposed that the human sperm acrosome reaction has many similarities to the somatic cell exocytotic events which occur during the regulated pathway of secretion. One or more oocyte stimuli result in the activation of protein kinases, likely (but not necessarily) via activation of G-protein coupled receptors on the sperm plasma membrane and the formation of second messengers. The kinases phosphorylate and activate proteins, continuing the biochemical cascade that ultimately results in the acrosome reaction. The role of other enzyme systems such as those involved in ion transport, proteolysis, phospholipid metabolism (including that of arachidonic acid) and other metabolic events, is discussed. Calcium ion influx as initiator of the acrosome reaction is reconsidered. The proposed model also takes into consideration the structural events of membrane fusion.